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However, engineering involves the application of science in society and the political and cultural context has obvious relevance. Here, the implications of the decolonisation discourse for engineering are considered, using the lens of water -an archetypal focus of public policy and management.
This consideration arose from an invitation to present the Annual Lecture of the South African Academy of Engineering (SAAE) which seeks 'To be a reliable and sought-after source of expert advice on matters pertaining to global competitiveness and quality of life for the nation' 2 . The lecture was given on three university campuses, and was tailored to local issues to promote discussion. This discussion provided useful insights into the meaning and relevance of decolonisation in the engineering domain.
Two propositions informed the approach. First, was that engineering and the applied sciences are about translating knowledge into action to achieve practical goals. There is wide consensus on the societal goals of 'water security' 3 which avoids a debate about by whom and how goals are determined. The second proposition distinguishes between retrospective approaches which deconstruct colonial norms and values to understand their impact on the present and prospective approaches which consider what to do next. Should the priority be to break down the old or simply to recognise the flawed foundation and build a durable new future, perhaps through a developmental state tasked to achieve a new national vision?
The cases
In Cape Town, the focus was on the self-styled 'water crisis' whose origin and characterisation, it is suggested, is linked to the continued influence of European approaches inappropriate to African challenges.
The question in Port Elizabeth was whether a decolonised future will be characterised by new elites simply capturing the privileges of their predecessors? -the neo-colonialism described by writers such as Frantz Fanon 5 .
In Johannesburg, government has put the city at risk of a water crisis by delaying investments in water security to support 'transformation'. Was it appropriate to undermine national development goals and allow a 'recolonisation' of knowledge?
The colonial history So civil engineering was about means of production, trade and commerce. It was the engineers who built the harbours and the roads along which the occupying forces advanced and who laid the tracks of the railways that enabled the metropoles to enlarge their wealth by extracting the raw materials of colonised countries.
The first civil engineering contract in South Africa was for a canal in Cape Town to supply fresh water to passing ships of the Dutch East India Company. The profession's history is of the roads, mountain passes and railways, the dams, power stations and transmission lines that enabled settlement and made mining possible. Even water and sanitation was provided mainly for the colonisers, leaving a legacy of separate standards for white and black, rural and urban. Meanwhile, because black people were excluded, some stigma remains: can the profession be trusted to serve the interests of the majority?
Colonised engineering: The experience of Arthur Lewis
Colonialism was not just about economic infrastructure and colonial policy but had direct impacts on people. Arthur Lewis, a great academic from the African diaspora, won the Nobel Prize for economics in 1979 for his work on growth and employment in Africa. As he explained in his Nobel acceptance biography 7 , he originally wanted to be an engineer: 
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Cape Town's colonial approach
Cape Town's descent into water crisis, described elsewhere 8 , shows how colonial influence persists even after formal political change. At the least, the City's approach was excessively influenced by a Eurocentric paradigm, reflected in Europe's Water Framework Directive 9 , that seeks to avoid new infrastructure investments. The City's leadership trusted this European paradigm rather than the tested systems approaches that have kept urban South Africa water secure. 10 They delayed new water supply investment because they believed that their conservation programmes could sufficiently curtail demand. This had happened before around 2000, when Cape Town's environmental community opposed construction of the Berg River Dam. It was not needed they said -conservation and alien plant clearance would suffice.
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On that occasion, a minor drought emphasised the need for action; without that dam, the City would have come much closer to its 'Day Zero' at the start of 2018. Yet, in 2013, city decision-makers once again stated that new infrastructure would not be needed before 2022/2024, despite recommendations of national government and the Planning Commission. They were convinced that it was their (excellent) conservation programmes rather than 3 years of good rains that had reduced consumption.
Two dry years and one year of drought later, supply restrictions were imposed. Post-hoc, this was blamed on severe drought (citing rainfall records 12 not representative of the catchments concerned nor acknowledging more nuanced South African Weather Service accounts 13, 14 ) . Areal rainfall summary maps (Figure 1 ), while coarse grained, show rainfall at at least 75% of average in 2014/2015; between 50% and 150% in 2015/2016; and only reducing to 50-75% in 2016/2017. 15 Streamflow records from the catchment areas of the major dams also present a less dramatic picture. 16 European environmentalists in countries with temperate climates, a substantial endowment of old infrastructure, stable populations and rich economies question the need for new infrastructure. But codified conservation is grossly inappropriate in African countries with much higher population, economic and urban growth all driving increased water use.
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Nelson Mandela Bay Metro and the post-colonial predatory state
In analyses of post-colonial development in Africa, concepts of the 'predatory state' and 'neopatrimonialism' figure large, suggesting that new power elites capture the resources of their societies for their own benefit. Replacing one set of exploitative elites by another does not constitute decolonisation but the danger is that it gives rise to a 'deterministically pessimistic view of development in Africa' 19 .
Water shortages in Nelson Mandela Bay Metropolitan Municipality in 2017 and 2018 did not occur because of water resource constraints. Apartheid's hydraulic empire building phase in the 1960s saw the Orange River Scheme built, principally to benefit the farming constituency but also to provide water to Port Elizabeth, 20 which still has an unused allocation. Yields from Port Elizabeth's old dams were inadequate and The Nooitgedacht scheme was finally started, although it is not yet complete and further investments within the City will be needed. It has taken over 10 years to build a project that should have been completed in 3 years.
This raises sharp questions about the role of engineers in a 'post-colonial' South Africa. Should they simply serve new leaderships and build whatever they are told, regardless of better options? This lived reality of many government technicians surely does not represent decolonisation.
Planning the Vaal System -shallow transformation invites recolonisation
South Africa is correctly committed to transforming the demographics of its institutions -a process often treated as synonymous with decolonisation. This transformation faced challenges in technical institutions, given the limited pool of expertise initially available. The impact of this challenge on water security in the Gauteng economic heartland offers another perspective on decolonisation.
The transformation of the national water department included efforts to increase participation of black-owned companies in its business. But is transformation or decolonisation achieved merely by changing demographics? Or is the objective to ensure substantive participation by black professionals as both clients and service providers?
Water security for South Africa's cities is planned using complex systems modelling, developed in the 1970/1980s when the computing power needed first became available. 22 Models estimate the yield of interconnected systems as a whole, not just the sum of individual sources. Reliability levels are determined by stochastic methods, using rainfall and run-off variability data to generate flow and storage sequences. This approach has successfully informed operations, users and decision-makers. 10 Recommendations derived from the models are not always followed, as Cape Town and Nelson Mandela Bay Metro Municipalities have demonstrated. But they have underpinned three decades of water security in the more complex Vaal River System, despite serious drought challenges. This is specialised work, undertaken by a handful of consultants who have developed the necessary expertise. However, in 2014, the new Minister of Water explicitly sought to change this approach. She refused to appoint 'the same old companies', saying that 'she would decide which projects to build and who would build them' 23 . She introduced a 'panel system' (often excluding qualified companies) and awarded tenders only to preferred panel members.
This procurement system created lucrative (and sometimes corrupt) consulting opportunities on large projects but also applied to the systems modelling firms. When the Department's financial management collapsed, amidst allegations of systemic corruption and mismanagement, 24, 25 funds for planning and associated modelling were slashed; when work restarted, experienced firms found that they were now expected to work as sub-contractors to 'panel' members. The new firms had limited capabilities but the old firms now had limited funds to train new staff. Meanwhile, with just a handful of skilled staff left, the Department no longer offers new graduates supervised technical experience -its historical training function. This process has not only weakened oversight of water security in the big cities but has also blocked the reproduction of skills in a field in which South Africa had been a global leader. Local firms are being taken over by foreign companies that often use external resources for specialised technical work. Breaking down old institutions rather than building new ones is effectively ceding South Africa's capacities to foreign interests. Rather than decolonising, South Africa is inviting recolonisation: a process aggravated by weak strategic management and sometimes motivated by corruption.
Discussion
Short-term view and other problems of politicians
In the public presentations, the divide drawn between engineers and politicians raised some discomfort. Yet it was acknowledged that, in the cases presented, politicians' actions were not in the public interest. Damage was done when technical recommendations were not implemented or deliberately ignored in pursuit of private interests.
There is a wider debate over the roles that politicians and technocrats should play in public administration. Few politicians have the skills to make technical judgements about the work they oversee. Yet, since 1994, they have taken on increasingly operational roles rather than concentrating on oversight. This trend has led to problems when their priorities have deviated from formal goals. The situation has been aggravated by the appointment of malleable, rather than technically competent, officials, which weakens institutional capacity and the quality of advice.
Engineers and politicians work to different time scales. Engineers often plan decades ahead. Meanwhile, for politicians, short term means this week, and long term is until the next election. This short horizon inevitably shifts priorities. Politicians also need to mobilise political support and build constituencies. The obvious temptation is to use patronage, allocating resources in return for political and financial support. While public administrators have similar temptations, a wellfunctioning system ensures oversight; political heads appoint competent people to ensure that procedures are followed and goals are achieved. When politicians take management decisions, this oversight is lost, demonstrating that, as Fanon said, 'an engineer is a thousand times more indispensable to his country than an officer' 25 .
While some dramatic cases of the resultant water sector corruption have been chronicled, more important issues are often ignored. Expensive projects -poorly conceived, implemented and operated -are failing to meet their objectives; the reliability of water supplies is decreasing.
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The water users who suffer most are those living furthest from the cities. Even when it works, over-priced infrastructure is a liability not an asset, which increases costs of living and doing business and contributes to the financial crisis of many municipalities.
The role of the engineers is also challenged
But what are the expectations of technical professionals such as engineers? They must deal with the contradictions in their role evident in dictionary definitions of professionals as either 28 : 
The role of professionals in a developmental state
A 'developmental state' approach is often promoted as the way to address the country's structural challenges. In traditional models, technocrats enjoy a status of 'embedded autonomy'. While part of the administration, they are insulated from politicians who seek political or personal gain rather than technical goals. 29 In what is characterised as South Africa's apartheid 'developmental state' 30 , the core cadre of engineers and scientists were produced by the state. This followed recognition of excessive investment in the Orange River Scheme and the need for professional water management to avoid water becoming a brake on national development. A Commission of Enquiry analysed water management policies and priorities, and produced a comprehensive guide to the future. 31 A key recommendation was to professionalise water management. Investment in water research and student bursaries created a community of professionals who could cooperate around common goals. They enjoyed a degree of trust that gave them considerable scope to implement and innovate -an environment in which it was possible to develop new approaches and undertake complex and challenging projects. 10, 32 It is this 'production line' that has been lost as the state's capacity to absorb and train new graduates has weakened and most practical work is outsourced. This situation has also broken the mechanisms that integrated these professionals into society as 'trusted experts'. That breakdown has been aggravated by suggestion that professional organisations are closed clubs, seeking to maintain privileges and control entry. This global challenge is particularly acute in South Africa where a white old guard apparently controls the entry of the new cadre of young black engineers.
Society decides what tasks to delegate to their 'technicians' to protect the public. Whatever the approach, the concern for engineers is that their advice should be accepted and trusted. The challenge for technical professionals in 21st-century South Africa is to recognise that trust in 'experts' derives as much from their embeddedness in their society as from their technical ability.
This statement reinforces a general finding on water management: water problems are primarily people problems or, more precisely, sociopolitical rather than technical. Technical pathways to water security are often complex and long term. Professionals such as engineers in a developmental state must help politicians, administrations and the communities they serve to make and implement decisions when they are needed. To do that, they need to be trusted.
Conclusions: Decolonisation means asserting new roles
While the past obviously influences the future, it is useful to maintain separate perspectives, to avoid the trap of path dependence. Otherwise, if future strategies are primarily a response to the past, the past will continue to determine the future.
So, yes, engineering has undoubtedly been coloured by colonial objectives and attitudes that determined who came into the profession and what they could do; and equally important, who was excluded, with what consequences. Its purpose was, to a greater or lesser extent, to advance the colonial mission. Indeed, from the vantage point of economics, Lewis insisted that resource colonialism, the beginning of the new international economic order, began as '…. an off-shoot of the transport revolutions. The railway was a major element here' 33 .
Because of this history, many engineering institutions are perceived as old fashioned and conservative. This perception is not helpful because engineers work in a world in which the role of technical expertise is increasingly challenged even as it becomes more vital. Engineers are vulnerable in this situation because their solutions to apparently simple challenges -like ensuring reliable water supplies -are often long term, complex and not understood or effectively communicated. This makes their recommendations easier to reject or just ignore.
Cape Town's plight reflects this situation. Its decision-makers were not telling lies when they claimed that they had permanently reduced water consumption. Their mistake was to claim an easy victory for a focus on demand management, ignoring more obvious drivers such as weather and population growth, and options such as increasing supply. But engineers failed too. They were not heard promoting an alternative, cautionary view because they were not adequately 'embedded' in that society, distrustful as it is of national politicians and solutions that might damage 'nature'.
The failure to date to articulate a clear vision of a decolonised future is unfortunate because it leaves many negative tendencies unchallenged. One example is the undermining of local capacity to model water resource systems; such capacity is critical to support both planning and operations. Undermining local capacity is opening the way for a recolonisation of a technical domain in which South Africa until recently had sovereign leadership.
While South African society will not be well served if it simply ignores engineers and their institutions, the responsibility also lies with the profession itself. Continued introspection is needed, to acknowledge and address its problematic history and legacy. But priority must be given to the new forces that are shaping the future.
The composition of the profession is changing radically, with a growing cadre of young black participants, including many women ( Figure 2 ). 34 Over the next decade, the well-recognised gap of experienced 'middle professionals' will be filled. Many of today's young engineers who have worked with little support will turn out to have absorbed a great deal of wisdom as they navigated difficult circumstances. This change will not automatically transform other dimensions of the profession. Engineers will still be expected to exhibit those qualities of objectivity, ethical behaviour as well as technical competence inherent in the word 'professional'. They will need fortitude -and appropriate mechanisms -to manage the risks encountered in a competitive and acquisitive economy and polity. But the task will become easier as the complexion of the profession changes. May/June 2018
The new generation of engineers will still need to fight for the space to do its work. In the water sector, they will have to be vocal in proclaiming the goal of water security, providing a sustainable and reliable water supply and sanitation services for people and economic activity. That will help them when they challenge politicians on the governance of technically focused public institutions. They must demand a clear distinction between what technical planners and managers do and what political heads should do. Engineers can engage, analyse, prioritise, and make and implement recommendations efficiently and effectively. Politicians should ensure that this is done competently, within clear policy frameworks, and following procedures that protect the public from attempts to make personal gains.
A further challenge will be to engineer effective institutions and systems. Cape Town's tribulations have helpfully shown that a failure to use technical expertise effectively is not the province of just one political party. All politicians should beware the arrogance of ignorance and learn to nurture and harvest sound advice, not ignore it. The difficulties emerging in Vaal System planning show that transforming institutions and decolonising knowledge is not just about demographics.
These challenges are most obvious for engineers in the public sector, because they are responsible for basic structures and services that are the foundations of society. But similar challenges face practitioners in other fields of engineering -mining, chemical, electrical and mechanical. Their work can transform conditions in the larger society for better or worse. They too must do more to make the voices of professional engineers heard, as critical contributors to public debate who inform the decisions of public and private policymakers.
This process will continue, and be contested, as long as society develops and evolves. Meanwhile, in the wider community, people will continue to measure society's progress by turning on the taps in their homes to see whether they can take at least this one of life's basic needs for granted. For its part, water will continue to teach that the reliability of its flows is determined by people, not hydrology. It will flow when and where needed as a result of the right decisions taken at the right time, informed by the best possible advice. This will often come in large measure from a truly decolonised cadre of engineers that is respected and nurtured by the communities in which it works.
